background: Women often enter preimplantation genetic diagnosis (PGD) treatment following traumatic reproductive and genetic histories, the detrimental psychological effects of which are known to be long lasting in some cases. In addition, attempting IVF with PGD requires an in-depth understanding of the aspects of the technology. The level of information that is required and retained by women entering treatment is important for clinicians to understand. To date, neither of these issues has been explored empirically. To address this, we assessed mood and information-seeking behavior in a sample of women entering PGD. conclusions: Women entering PGD are emotionally well adjusted although the financial costs associated with PGD are associated with increases in anxiety. The study is limited by its small sample size and the fact that partners were not assessed.
Introduction
Preimplantation genetic diagnosis (PGD) is a reproductive technique that involves the use of IVF to create embryos that undergo genetic testing. The purpose of genetic testing is to identify an embryo that is free from a genetic mutation or chromosomal abnormality that causes illness, disability and/or infertility. PGD is used to identify specific genetic conditions which the couple is at risk of passing on to their children. Additionally, preimplantation genetic screening (PGS), where embryos are screened for certain chromosomal aneuploidies, may be used to optimize pregnancy chances in women who are experiencing recurrent idiopathic pregnancy loss, implantation failure and/or advanced maternal age (Basille et al., 2009) .
Women often enter PGD treatment following traumatic reproductive and genetic events: repeated miscarriage, stillbirth, death of neonates and older children, termination of pregnancy and/or giving birth to children affected by debilitating genetic conditions. The psychological sequelae of these experiences often involve grief, guilt, loss, changes to identity and, in some cases, psychiatric disturbances including depression, post-traumatic stress and anxiety-related illnesses (Frost and Condon, 1996) . In addition, unresolved grief can impact on attachment to subsequent pregnancies (O'Leary, 2004) , and maternal suicide following death of children has been reported (Raphael, 2006) .
A recent literature review explored the limited available literature related to psychosocial aspects of PGD (Karatas et al., 2010) , which suggests that those with a significant history of traumatic reproductive experiences are more likely to perceive PGD as a possible reproductive option (Pergament, 1991; Miedzybrodzka et al., 1993; Palomba et al., 1994; Chamayou et al., 1998; Hui et al., 2002; Farra et al., 2008) . In addition, this small body of research suggests a significant emotional impact during the PGD process: 41% of the sample in the study by Lavery et al. (2002) reported PGD to be extremely stressful; and the participants in the study by Kalfoglou et al. (2005) reported feeling emotionally drained by the PGD process.
Although the technique has been available for nearly two decades, the psychological profile of women entering PGD treatment remains unknown, and research into this area is warranted. Given that PGD requires the use of IVF, a review of literature examining the psychological profile of women entering IVF treatment and issues facing these women may guide such research.
Thirteen studies have explored levels of anxiety in women at the pretreatment phase of IVF, and provided equivocal results regarding the presence of increased anxiety. In 7 of 13 studies, an increase in anxiety was identified in the women entering IVF treatment above that of control groups or normative population data (Beaurepaire et al., 1994; Visser et al., 1994; Bringhenti et al., 1997; Mori et al., 1997; Slade et al., 1997; Salvatore et al., 2001; Wang et al., 2007) ; in 6 of 13 studies, no increase in anxiety was found (Hearn et al., 1987; Edelmann et al., 1994; Csemiczky et al., 2000; Verhaak et al., 2001; Fekkes et al., 2003; Rashidi et al., 2008) .
The seven studies that have examined depression scores in women entering IVF have provided more conclusive evidence: six studies did not find any significant increases in depression scores relative to control groups or normative population depression rates (Hearn et al., 1987; Beaurepaire et al., 1994; Edelmann et al., 1994; Bringhenti et al., 1997; Salvatore et al., 2001; Verhaak et al., 2001) . Thus, despite the well-documented stresses of infertility, there is limited evidence that women embarking on IVF treatment differ from population groups with respect to depression and anxiety. Given the often traumatic reproductive history of women entering PGD, an exploration of mood at the beginning of the treatment process is the first objective of the study.
Research has found that women entering IVF have an increased expectancy of establishing a pregnancy, despite their experience of infertility (Leiblum et al., 1987) . Given that women who pursue PGD reportedly do not identify themselves as experiencing infertility (Kalfoglou et al., 2005) , the question remains if this translates into an even more unrealistic, or beyond what is considered likely, expectancy of establishing a pregnancy.
Women preparing to use IVF are provided with often complex information about risks associated with the technology including failed stimulation cycles and basics of embryology. Women entering PGD are also provided with this information but are additionally informed about the processes involved in genetic testing of the embryo and the multiple steps throughout the process that could lead to unsuccessful PGD. For example, following a stimulation cycle, they may not have any embryos suitable for testing; following testing, no unaffected embryos may be identified; and, even when an unaffected embryo is transferred, a pregnancy may not be established. The monitoring process model posits that individuals with a personality style high in monitoring for threatening information focus excessively on health threatening information, and those with a low monitoring style (termed blunters) avoid or minimize health threatening information (Miller, 1987) . The degree to which women retain complex information about PGD and women entering PGD employ coping strategies in relation to information-seeking behavior have not been explored and is the second objective of this article.
Lastly, in Australia, at the time this study was conducted, PGD was only available in the private sector and an initial payment of up to $14 000 AUD was required. Reimbursement through the federal health care system, Medicare, to cover the costs associated with the IVF component was regularly available; however, private health insurance was needed for the reimbursement of the majority of other associated costs, such as day surgery. These sources reduced but did not eliminate the out-of-pocket expenses. The degree to which the financial aspect of using PGD worries those using the technology is also unknown.
This article reports on the psychological profile of a sample of Australian women entering PGD as part of a longitudinal, prospective study to explore many of these unanswered questions. Data were collected covering a broad range of factors relating to women's psychological adjustment using validated psychometric scales that measured anxiety, depression, information-seeking styles and reproductive confidence, or perception of likelihood of establishing a pregnancy. Relevant demographic data were also collected.
The following hypotheses related to anxiety, depression, information needs and pregnancy expectation were tested: (i) Considering the burdens associated with genetic testing of embryos, as well as the reproductive and genetic circumstances that preceded the use of PGD, levels of anxiety will be significantly increased in those entering PGD above those of normal population data; additionally, anxiety will be positively associated with age, degree of financial worry, previous pregnancy loss and a tendency to monitor for threatening information. (ii) Considering the conclusive evidence that increases in depression in those entering IVF are not commonly seen, levels of depression of women entering PGD will not be significantly increased above that of normal population data; additionally, depression will not be significantly associated with demographic characteristics or reproductive history. (iii) Unmet information needs will be positively associated with higher educational levels and a tendency to monitor for threatening information. (iv) Given that women using PGD have been reported as not identifying themselves as infertile, expectancy of establishing a pregnancy will be higher than what is the recognized likelihood of establishing a pregnancy provided by clinicians at the IVF/PGD clinic (which is 30%) in this sample. Expectancy of establishing a pregnancy per cycle will be negatively associated with age given the age-related risk of fertility reduction, and it will be positively associated with having children, using PGD for a genetic condition rather than pregnancy optimization (PGS) and/or not having a previous experience of pregnancy loss.
Materials and Methods

Participants
After receiving ethics approval from relevant Institutional Ethics Review Boards, participants were recruited through an IVF clinic in Sydney, Australia, to a longitudinal prospective study. Women were eligible to participate if they were pursuing PGD treatment, were aged 18 years and over, and had a command of the English language adequate to provide informed consent and complete the questionnaires.
Procedure
Women attending the clinic for the first time were asked by PGD nurses if they would be interested in receiving more information regarding a prospective study exploring the psychological impact of PGD. Those who were interested had their details sent to the research coordinator, who then sent out a study package which included an information sheet, consent form, a reply paid envelope and the first questionnaire to the potential participants. Women who returned the appropriate materials were enrolled into the study. Women who did not return the questionnaire were called to assess if the study package had been received; where it had not, it was resent. This article reports on the first phase of a prospective study following women through the PGD process. In the first phase, data were collected following an initial consultation at the PGD clinic and after women had made the decision to pursue treatment.
Measures
Women completed the following measures at baseline data collection:
Demographic characteristics: age, employment, current marital status, highest level of education obtained, level of household income, religion, languages spoken at home and type of living location (metropolitan, rural etc.). Reproductive and genetic history: number and outcome of previous pregnancies; number of living affected and unaffected children; previous use of prenatal tests, IVF and PGD; and family history of genetic conditions. In addition, data were extracted from clinical notes regarding fertility treatment undergone and participants' reproductive histories. Worry about financial aspects of PGD: the degree to which women felt worried about the financial aspects of PGD was assessed using a visual analogue scale, anchored 0 -100.
Miller Behavioral Style Scale-Short Form: the scale measures monitoring attentional style and respondents are asked to imagine two hypothetical stress-invoking scenarios of a largely uncontrollable nature (Miller, 1987) . Each scenario is followed by eight responses indicative of high or low monitoring attentional style. Within the monitoring process model, high monitoring is characterized by a tendency for the individual to focus excessively on health threats; low monitors, however, have a tendency to avoid or minimize threatening information. The monitoring minus blunting score was used for analysis, where higher scores indicated a greater tendency to focus on threat-related cues. PGD Knowledge questions: this 10-item scale explored women's knowledge of various technical aspects of PGD and was specifically designed for this study to determine the level of understanding and retention of key information. Each item has three response options: true, false and unsure. The item wording is shown in Fig. 1 .
Outcome variables
State anxiety
The Spielberger State anxiety inventory consists of a 20-item scale that measures state anxiety (e.g. 'how you feel right now?') (Spielberger, 1983) . Each item has four response options yielding a score between 20 and 80, with higher scores indicating higher state anxiety. A cut-off score of 40 and above being indicative of increased anxiety has been validated for Australian women (Barnett and Parker, 1986; Grant et al., 2008) . Normative data used as a comparison group were supplied by Spielberger (1983) .
Hospital anxiety and depression scale: depression subscale
The hospital anxiety and depression scale have two seven-item subscales measuring anxiety and depression (Zigmond and Snaith, 1983) . Only the depression subscale was employed, which consists of questions with four Likert-style response options that yield a total score of 0 to 21. Scores of ≥8 represent elevated depression and scores of ≥11 indicate potentially significant depression. Normative Australian data used as a comparison group were supplied by the Australian Bureau of Statistics (2007) . Mood and information-seeking behavior in women before PGD
Unmet information needs
This scale was developed for this study and informed by an expert panel comprising all authors. Unmet information needs were assessed using a 14-item scale. For each item, participants were asked to indicate their level of unmet needs using a three-point Likert scale: 'I was never interested in this because it is not relevant to my situation (0), I was interested in this but it has been covered for me (0), I still need more information on this-it has not yet been covered for me (1)'. Scores were summed to derive a summary score (range 0 -14), with higher scores indicating more unmet needs. The 14 domains assessed and responses are shown in Fig. 2 . Cronbach's alpha for the scale was acceptable at 0.69.
Expectancy of establishing a pregnancy
Three visual analogue scales were developed for the current study. The scales ranged from 0 to 100 and explored women's perception of: (i) 'overall average pregnancy rate for IVF'; (ii) 'overall average pregnancy rate for IVF with the addition of PGD'; and (iii) 'how likely you think it is that you will fall pregnant on this treatment cycle'. The latter variable was used for analyses.
Data analysis
Data were explored initially with descriptive statistics and graphs. Normality of outcome variables was checked. State anxiety and expectancy of establishing a pregnancy were normally distributed; unmet information needs and depression scores were non-normally distributed. Where outcome data were highly skewed, the variable was recoded into two or more groups, as deemed appropriate.
For normally distributed outcome variables, independent two-sample t-tests were undertaken to assess differences between different groups of women (those who had PGD versus those who had no PGS; those who had living children versus those who had no children; those who had previous pregnancy losses versus those without such losses). Further, to determine associations with continuous predictor variables, Pearson's correlations were used. Outcome variables that were not normally distributed were recoded into either binary or ordinal outcome variables. Pearson's x 2 and Mann -Whiney U-tests were used to assess differences between groups, respectively; and Spearman's rank correlation coefficient (r s ) was used to determine the association between continuous predictor variables. Statistical significance was set at P , 0.05. Multivariate linear regressions were fitted to outcome variables-linear regression for a normally distributed outcome, logistic regression for a binary outcome and proportional odds regression for an ordinal outcome variable. For all regression analyses, predictor variables with P ≤ 0.25 in the bivariate analyses were entered into the appropriate regression model (Hosmer and Lemeshow, 2000) . A progressive backward elimination modeling strategy was used until a final model was obtained containing only variables with P ≤ 0.05. Due to the importance of age in relation to reproduction, when the preliminary final model for each regression had been built, age was included as a potential confounder variable. If the removal of age changed the coefficient of any predictor by .10%, it was considered a confounder and retained in the final model.
Goodness-of-fit tests were performed: for linear regression, residuals were normally distributed, for logistic regression the Hosmer and Lemeshow test was used and for ordinal regression Pearson's goodness-of-fit test was used.
Results
Study packages about the study were mailed to 87 women, of whom 52 were able to be contacted with a follow-up phone call within the next few days. Fifty women returned the questionnaire (response rate 57%). Demographic and reproductive histories of participants are summarized in Table I .
The reasons for using PGD are summarized in Table II . Most commonly these reasons were repeated pregnancy loss (16/50, 32%) and parental carrier status for a known genetic condition where no previous pregnancy loss had occurred (14/50, 28%). The majority of women were using PGD to detect a single gene disorder or a chromosomal translocation (30/50, 60%), and 20/50 (40%) women were using PGS for aneuploidy screening. Women with experience of previous pregnancy loss (P ¼ 0.03) and those using PGS (p ¼ 0.01) were significantly older.
The mean score for worry about financial aspects of PGD was 47.5 (range 5-95, with higher scores indicating greater worry). There was no significant correlation between income and financial worry (r ¼ 0.12, P ¼ 0.40).
Overall, the knowledge questions yielded a high percentage of correct answers (Fig. 1) . For 7 out of the 10 questions, the percentage of women who answered correctly exceeded 90%. Fewer women responded correctly to the items 'All cells in the embryo will have exactly that same chromosome make up' [54% answered correctly; 95% confidence interval (CI): 34-69%], 'Breaching the zona pellucida can lead to an increased chance of identical twins' (58% answered correctly; 95% CI: 39 -73%) and 'Even without assisted hatching, an embryo would eventually hatch out of the zona pellucida' (78% answered correctly; 95% CI: 64-96%). Mood and information-seeking behavior in women before PGD
Anxiety
The mean state anxiety score was 32.1 (95% CI: 29.61 -34.71%). Despite our predictions that anxiety would be significantly increased above norm data, there was no evidence to suggest that this is the case, as the CIs calculated for the mean anxiety levels in our sample overlapped with those calculated for the norm data (based on 210 females aged between 19 and 39 years, mean ¼ 36.17, SD 10.96; 95% CI: 34.68-37.66) (Spielberger, 1983) , albeit very narrowly. Despite this, 18% (9/50) of women scored above 40, indicating probable clinically significant anxiety. 
Depression
Depression scores ranged from 0 to 13 and had a mean of 3.2 (95% CI: 2.2 -4.1%); 14% (7/50) scored above 8, indicating elevated depression, and 6% (3/50) scored ≥ 11, indicative of potentially significant depression. The correlation between state anxiety and depression was high (r ¼ 0.68; P , 0.001).
As predicted, we found that the proportion in this sample with elevated depression scores (7%, CI: 0.02 -0.15) was not different to population lifetime rates of depressive episodes in Australian women (14.5%, CI: 0.14-0.15) (Australian Bureau of Statistics, 2007), as the CIs calculated for the proportions in our sample overlapped with those calculated for the proportion in population rates data.
The depression variable was negatively skewed, and so was recoded into a binary outcome of low and high depression according to the median split. Table III shows the results of bivariate analyses. As expected, no significant associations were found. Educational level (r s ¼ 0.17, P ¼ 0.23) and previous pregnancy loss (x 2 ¼ 1.97, P ¼ 0.16) were entered into a logistic regression model, but neither variable was statistically significantly associated with depression, when controlled for age.
Unmet information needs
Unmet information needs ranged from zero to six, with an average of 1.4. Overall, women had low unmet information needs (Fig. 2) . The areas with the highest number of unmet needs were information about coping strategies and what to do if unsuccessful with PGD. The unmet information needs variable was highly negatively skewed, and this was recoded into an ordinal variable with three levels (one level including all cases with a zero value, and the other two levels splitting the remaining cases into two equal groups; 13 scores of 1 and 1 and 13 scores of 3, 4, 5 and 6). Bivariate analyses showed that unmet needs were significantly associated with higher educational level (r s ¼ 0.38, P ¼ 0.007) and a tendency to monitor for threatening information (r s ¼ 0.28, P ¼ 0.04), as predicted (Table IV) . In addition, the following trend associations were found: a higher degree of financial worry (r s ¼ 0.25, P ¼ 0.07) and previous pregnancy loss (Z ¼ 21.61, P ¼ 0.10). These significant and trend associations were entered into the initial regression model, as well as having no living children (Z ¼ 21.22, P ¼ 0.21) and higher household income (r s ¼ 0.17, P ¼ 0.22). In the final model only educational level (b ¼ 0.97, P ¼ 0.01, 95% CI: 0.22 -1.73) remained significantly associated with unmet needs, after controlling for age.
Expectations of a pregnancy
In relation to perceived pregnancy chances per cycle for women using IVF alone, the reported mean percentage was 45% (95% CI: 23-60%); the mean perceived chance per cycle for IVF and PGD in combination was 42% (95% CI: 20 -57%). When women were asked to quantify their own personal expectation of establishing a pregnancy following the next cycle, the mean percentage was 54%. As expected, this is significantly higher than the 30% suggested as likely by the IVF/PGD center (t ¼ 7.65, P ¼ ,0.001).
Bivariate analyses of expectancy of establishing pregnancy showed no significant association with age but a significant association with a higher degree of financial worry (r ¼ 0.35, P ¼ 0.01) (Table IV) . Having living children was also entered into the regression model (t ¼ 1.22, P ¼ 0.22). Linear regression was performed and expectancy of establishing pregnancy was significantly associated with a higher degree of financial worry, after controlling for age (b ¼ 0.36, P ¼ 0.01, 95% CI: 0.07 -0.56).
Discussion
To our knowledge, this is the first assessment using validated, psychometric scales of the psychological profile of women entering PGD treatment. This study has confirmed some predicted significant associations between variables as well as yielding other unexpected findings.
Overall, this study suggests that women are emotionally well adjusted prior to beginning PGD. Nevertheless, 18 and 6% of women had symptoms of anxiety and depression, respectively, at levels of clinical significance. Clearly, a subset of women were experiencing a significant emotional burden, and it is these women who require closer attention and support. The 'gold standard' of care should involve identifying these women, assessing support and coping mechanisms and providing intervention if required throughout their PGD experience. Additionally, when assessing for unmet information needs, information regarding coping strategies was the domain that had the highest level of unmet information needs in this patient sample. Thus, clinical practice may be enhanced by the assessment and provision of information about coping strategies to couples pursuing PGD.
Our prediction of higher rates of clinically significant anxiety compared with normative data were not supported. This finding is consistent with some of the published studies on women pursuing IVF alone. To explain these findings opposite to our expectations, it is possible, as has been argued by others in relation to women undergoing IVF alone, that only the psychologically well-adjusted pursue treatment and medical intervention in an effort to get pregnant and confront the emotional demands of IVF treatment (Eugster and Vingerhoets, 1999) . Another possible explanation is the lack of sensitivity of general measures of anxiety to this particular context. Hammarberg et al. (2008) , in a systematic review of adjustment during pregnancy and early parenthood for women conceiving through IVF, concluded that there is little evidence of anxiety using general measures studies using more context-specific measures which indicated greater pregnancy focused anxiety in women pregnant after IVF conception.
This may also be relevant to the PGD context. Perhaps more targeted questionnaires exploring the unique and sensitive situation experienced by these women may yield greater insight into the psychological sequelae of the experience of genetic and non-genetic infertility, IVF and PGD. In addition, the differences between the impacts of the genetic component of PGD over and above the required IVF component of the process need further attention.
Of interest was the finding that state anxiety was associated with degree of financial worry. Women's demographic details showed that these women on average had high annual household incomes, potentially explained by the fact that in Australia PGD is still only available in the private sector, and thus access to PGD is limited to those who can financially afford the process. Despite these high income levels, this study is the first to show a significant association between anxiety and the degree of financial worry regarding the expenses related to using PGD. Our results show that these initial costs of $14 000 AUD significantly impact individuals' anxiety levels. The fact that financial worry was also associated with living in the inner metropolitan area suggests that the high cost of home ownership in Sydney, where the majority of participants reside, may have been exacerbating anxiety levels. Expectations of a successful pregnancy were also associated with financial worry, suggesting that financial concerns raised the stakes, as failing to achieve a pregnancy would incur a greater financial burden by virtue of the requirement to pay for additional IVF cycles, PGD testing and related clinical costs.
Our study findings also indicated that levels of knowledge about the technical aspects of PGD were high, suggesting that women undergoing PGD engage in considerable self-directed efforts in accessing information regarding IVF and PGD. This study also showed that unmet information needs were generally low. The women in the current sample were highly educated, and as predicted, unmet information needs were significantly and positively associated with level of education. It could be posited that women with more education expect to be prepared for all eventualities about which they have been given information, such as coping with negative outcomes of the process. In addition, the bivariate analysis found a significant relationship between unmet needs and information-seeking behavior, thus providing evidence for the importance of careful provision of detailed information.
Lastly, previous research recognized that women pursuing PGD do not perceive themselves as infertile (Kalfoglou et al., 2005) . This could also be considered applicable to this sample, with the exception of two women experiencing infertility and using PGD to optimize pregnancy chances following failed IVF (Table II) . We predicted that this would lead to an overestimation of their chances of establishing a pregnancy. This was indeed the case as the women reported a considerably more optimistic expectation of establishing a pregnancy than professional estimates following IVF or PGD generally. This is an important finding to be addressed by PGD providers as women may be unprepared for the impact and grief associated with not becoming pregnant as expected, not to mention the additional financial burdens.
Several shortcomings of the study need to be noted. Apart from a relatively small sample size, the low response rate (57%) indicates that the findings may not be entirely generalizable to the larger population of women who are opting for PGD.
Conclusion
The majority of women appear to be emotionally well adjusted prior to beginning PGD although clinical practice may be enhanced by the routine provision of information about coping strategies, and the gold standard of care may involve routine psychological assessment and targeted intervention where required. The costs of pursuing PGD are high and, in this study, associated with anxiety, and thus may deter some couples from pursuing treatment. Therefore Australian, and indeed international policy, regarding subsidizing funding for IVF and PGD should recognize this. An argument for this may be that the alternatives to PGD may potentially cost public health services even more; for example, the costs associated with prenatal testing and subsequent pregnancy termination, and/or health care costs for children who are born with a genetic condition in the public health care setting need to be considered.
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